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(57)Abstract: 

PURPOSE: To enhance the detecting sensitivity of an 
acceleration by correcting the errors of a plurality of 
acceleration sensors so disposed that the directions of main 
sensitivities cross each other due to the lateral sensitivity by 
the calcula tion from the outputs of the respective sensors. 
CONSTITUTION: The acceleration sensors 1 t 2 so disposed that 
the directions of main sensitivities k1 cross each other, and an 
arithmetic circuit 3 for calculating the outputs V1 f V2 of the 
sensors 1, 2 are provided. The circuit 3 corrects the errors of 
the outputs of the sensors 1, 2 due to a lateral sensitivity k2 by 
the calculation. Further, the circuit 3 calculates {af}={K}-1{V}, 
wherein the sensitivity matrix for giving an output vector {V} for 
an acceleration vector {ot)\$ {K}, thereby calculating the 
accelerations in a plurality of axial directions. The sensitivities 
k1 and k2 are substantially equalized between the sensors 1 and 

2 to simplify the designing of the circuit 3. Moreover, the circuit 

3 calculates the axes only by an inverting amplifier, thereby 
easily selecting a circuit material. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The acceleration detection approach characterized by amending the error by two or more 
acceleration sensors arranged so that the main sensibility direction may cross mutually, and the transverse 
sensitivity of each of said acceleration sensor by the operation from the output of each of said acceleration 
sensor. 

[Claim 2] The acceleration detection approach according to claim 1 characterized by arranging said two or 
more acceleration sensors so that the main sensibility direction may intersect perpendicularly mutually. 
[Claim 3] Acceleration detection equipment characterized by preparing two or more acceleration sensors 
arranged so that the main sensibility direction may cross mutually, and the arithmetic circuit which calculates 
the output of each of said acceleration sensor, and amending the error by transverse sensitivity by the 
operation from the output of each of said acceleration sensor in said arithmetic circuit. 

[Claim 4] Acceleration detection equipment according to claim 2 which set to [K] the sensibility matrix which 
gives the output vector {V] over an acceleration vector (alpha) in said arithmetic circuit, and was characterized 
by calculating {alpha} =[K]-1{V}. 

[Claim 5] Acceleration detection equipment according to claim 2 or 3 with which the main sensibility and 
transverse sensitivity were characterized by the almost equal thing among said two or more acceleration 
sensors. 

[Claim 6] Acceleration detection equipment according to claim 2 to 4 characterized by calculating each shaft 
only with an inversed amplifier in said arithmetic circuit. 

[Claim 7] Acceleration detection equipment according to claim 2 to 4 characterized by calculating each shaft 
only with one addition-and-subtraction amplifier in said arithmetic circuit. 

[Claim 8] Acceleration detection equipment according to claim 3 to 5 characterized by arranging said two or 
more acceleration sensors so that the main sensibility direction may intersect perpendicularly mutually. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the acceleration detection approach and equipment which 
detect the acceleration of each component from the output of two or more acceleration sensors arranged by 
crossing. 

[0002] For example, in the magnetic disk drive etc., in order to position an exact head, acceleration detects the 
shake of a case, and movement of a head arm, or when disturbance vibration is received, in order to stop 
writing, the acceleration of a case is detected, and detection of acceleration with few errors is desired. 
[0003] 

[Description of the Prior Art] The conventional acceleration detection has intersected perpendicularly and 
arranged two or more acceleration sensors, and had detected the acceleration of each shaft orientations with 
the output from each acceleration sensor. However, generally, an acceleration sensor has sensibility slightly 
also to the acceleration of the direction which intersects perpendicularly in the main sensibility direction, and 
this is called transverse sensitivity. 
[0004] 

[Problem(s) to be Solved by the Invention] In the above conventional things, originally, there is transverse 
sensitivity which is the acceleration of the direction which intersects perpendicularly in the main sensibility 
direction without an output slightly, and it had become the cause of a measurement error. For this reason, it 
was required to lower own transverse sensitivity of an acceleration sensor to a limit. 
[0005] This invention solves such a conventional technical problem, is amending the error by transverse 
sensitivity by the operation from the output of two or more acceleration sensors, and aims at raising the 
detection precision of acceleration. 
[0006] 

[Means for Solving the Problem] drawing 1 — the principle explanatory view of this invention — it is — the 
inside of drawing 1 , and 1 — an acceleration sensor and 2 — an acceleration sensor and 3 — an arithmetic 
circuit and k1 — in the main sensibility and k2, the output of an acceleration sensor 1 and V2 show the output 
of an acceleration sensor 2. and, as for transverse sensitivity and V1, alpha x shows the y-axis component of 
acceleration, as for the x-axis component of acceleration, and alphay. 

[0007] This invention was constituted as follows in order to solve the above-mentioned technical problem. An 
operation amends the error by two or more acceleration sensors 1 and 2 arranged so that the main sensibility 
direction may cross mutually, and the transverse sensitivity of each of said acceleration sensors 1 and 2 from 
the outputs V1 and V2 of each of said acceleration sensor. 

[0008] Moreover, two or more acceleration sensors 1 and 2 arranged so that the main sensibility direction may 
cross mutually, and the arithmetic circuit 3 which calculates the outputs V1 and V2 of each of said 
acceleration sensors 1 and 2 are formed, and an operation amends the error by transverse sensitivity from the 
outputs V1 and V2 of each of said acceleration sensor in said arithmetic circuit 3. 

[0009] Furthermore, {alpha} =[K]-1{V} is calculated in said arithmetic circuit 3, using as [K] the sensibility matrix 

which gives the output vector {V} over an acceleration vector {alpha}. Moreover, the main sensibility and 

transverse sensitivity make it almost equal among said two or more acceleration sensors 1 and 2. 

[0010] Furthermore, it is made to calculate each shaft only with an inversed amplifier in said arithmetic circuit 

3. Moreover, it is made to calculate each shaft only with one addition-and-subtraction amplifier in said 

arithmetic circuit 3. 

[0011] 

[Function] The operation of this invention based on said configuration is explained based on drawin g 1 . The 
detection precision of acceleration can be raised by amending the error by two or more acceleration sensors 1 
and 2 arranged so that the main sensibility direction may cross mutually, and the transverse sensitivity of each 
of said acceleration sensors 1 and 2 by the operation from the outputs V1 and V2 of each of said acceleration 
sensor. 

[0012] Moreover, two or more acceleration sensors 1 and 2 arranged so that the main sensibility direction may 
cross mutually, and the arithmetic circuit 3 which calculates the outputs V1 and V2 of each of said 
acceleration sensors 1 and 2 can be formed, and the detection precision of acceleration can be raised by 
amending the error by transverse sensitivity by the operation from the outputs V1 and V2 of each of said 
acceleration sensor in said arithmetic circuit 3. 
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[0013] Furthermore, the acceleration of two or more shaft orientations can be calculated by calculating {alpha} 
=[K]-1{V} in said arithmetic circuit 3, using as [K] the sensibility matrix which gives the output vector {V} over 
an acceleration vector {alpha}. 

[0014] Moreover, the design of an arithmetic circuit can be simplified because the main sensibility and 
transverse sensitivity make it almost equal among said two or more acceleration sensors 1 and 2. Furthermore, 
selection of a circuit ingredient becomes easy by it being made to calculate each shaft only with an inversed 
amplifier in said arithmetic circuit 3. 

[001 5] Moreover, there is little amplifier, it ends with it being made to calculate each shaft only with one 

addition-and-subtraction amplifier, and a circuit is simplified in said arithmetic circuit 3. 

[0016] 

[Example] Hereafter, the example of this invention is explained based on a drawing. Drawing 2 - drawing 4 are 
drawings having shown the example of this invention, and the same sign has shown the same thing as drawing 1 
among drawing. 

[0017] **1: The explanatory view 2 of acceleration detection is an explanatory view of acceleration detection, 
and is explanation according [ accord / drawing 2 (A) / explanation of an acceleration sensor / drawing 2 (B) ] 
to operation expression. 

[001 8] 1 ) (a) of the explanatory view 2 of an acceleration sensor (A) shows acceleration component alphay of 
the acceleration component alpha x of the direction of a x axis, and the direction of the y-axis which should be 
measured. 

[0019] Although (b) of drawing 2 (A) is the acceleration sensor 1 arranged so that the direction of the main 
sensibility k1 may meet a x axis and should detect only the acceleration of x direction essentially, as for the 
sensibility (transverse sensitivity) k2 of the direction which intersects perpendicularly with it, it has not zero 
but the sensibility of a certain person. 

[0020] (c) of drawing 2 (A) is the acceleration sensor 2 arranged so that the direction of the main sensibility k1 
may meet the y-axis, and is the same property as an acceleration sensor 1. 

2) From the output of two or more acceleration sensors arranged by intersecting perpendicularly, explanation 
this invention of the acceleration by operation expression amends the error by transverse sensitivity by the 
operation, and detects the acceleration of each component. 

[0021] Drawing 2 (B) is explanation by operation expression, and in x components and y component of 
acceleration which should be measured, when V1, V2, and the main sensibility of each acceleration sensors 1 
and 2 are set to k1 and transverse sensitivity is set to k2, it has [ output / from alpha x, alphay, an 
acceleration sensor 1, and an acceleration sensor 2 / each ] the following relation, respectively. 
[0022] 

V1= k1, alphax+k2, andalphay (1) 

V2=-k2, alphax+k1, and alphay (2) 

Then, it is as follows when it asks for alpha x and alphay from a formula (1) type (2). 
[0023] 

alphax=K11 and V1-K12, V2 (3) 

alphay=K21 and V1+K22, V2 (4) 

However, K1 1 =k1 /(kl 2+k22) 
K12=k2/(k12 +k22 ) 
K21=k2/(k12 +k22 ) 
K22=k1/(k12 +k22 ) 

By carrying out the above-mentioned operation, alpha x and alphay are correctly detectable. 
[0024] Moreover, are also the same as when taking into consideration to the transverse sensitivity of the 
direction of z which intersects perpendicularly with x and y. if {V} and a sensibility matrix are written by [K] and 
an acceleration vector is written for an output vector by {alpha} — {V} = — the relation of [K {alpha}] — it is — 
{alpha} = [K] — each component alpha x of x of acceleration, and y and z, alphay, and alphaz are correctly 
detectable by calculating -1 {V}. 

[0025] Furthermore, also when the main sensibility direction of each sensor does not intersect perpendicularly, 
if the angle to make is known, it can amend. 

**2: Arrange the explanation acceleration sensor 1 and acceleration sensor 2 of an arithmetic circuit to the 
sense the sense and the main sensibility direction cross at right angles. And output voltage from an 
acceleration sensor 1 and an acceleration sensor 2 should be set to V1 and V2, and the main sensibility and 
transverse sensitivity shall have gathered between these two acceleration sensors. In addition, this output 
voltage V1 and V2 is considered as the output after letting a charge amp pass, when an acceleration sensor is 
a charge mold like a piezoelectric device. 

[0026] 1) The reversal amplifier 4-7 which the explanatory view 3 of an arithmetic circuit using an inversed 
amplifier (amplifier) is an explanatory view of the arithmetic circuit which used reversal amplifier, and consisted 
of four operational amplifiers (operational amplifier) in drawing 3 is formed. 

[0027] The resistance rO and the feedback resister rO by which the reversal amplifier 4 was connected to 
output voltage V1 at the minus input terminal are connected, and the plus input terminal is grounded through 
resistance rO/2. 

[0028] The resistance r1 1 to which the reversal amplifier 5 was connected to the minus input terminal at the 
output of the reversal amplifier 4, the resistance r12 connected to output voltage V2, and a feedback resister 
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r1 are connected, and the plus input terminal is grounded through resistance rG1. In addition, resistance rG1 is 
a bias compensation resistor, and uses the juxtaposition combined-resistance value of a feedback resister r1, 
resistance r11. and resistance r12. 

[0029] The resistance r22 and the feedback resister r2 by which the reversal amplifier 6 was connected to the 
resistance r21 which connected with output voltage V1 at the minus input terminal, and output voltage V2 are 
connected, and the plus input terminal is grounded through resistance rG2. In addition, resistance rG2 is a bias 
compensation resistor, and uses the juxtaposition combined-resistance value of a feedback resister r2, 
resistance r21, and resistance r22. 

[0030] The resistance rO and the feedback resister rO by which the reversal amplifier 7 was connected to the 
output of the reversal amplifier 4 at the minus input terminal are connected, and the plus input terminal is 
grounded through resistance rO/2. 

[0031] Next, actuation of the circuit of drawing 3 is explained. On the upper case, only output voltage VI is 
reversed with the reversal amplifier 4 of the preceding paragraph, and the latter reversal amplifier 5 performs 
addition with weight with output voltage V2. In this case, acceleration alpha x (=(r1/r11) -VI- (r1/r12), V2) is 
obtained by what is considered as the combination of resistance to which r1 / r1 [ r11 and ]/r12 turn into K1 1 
and K12 of said formula (3), respectively. 

[0032] In the lower berth, the reversal amplifier 6 of the preceding paragraph performs addition with weight of 
output voltage V1 and output voltage V2, and an output is reversed with the latter reversal amplifier 7. In this 
case, acceleration alphay (=(r2/r21) -V1 + (r2/r22), V2) is obtained by what is considered as the combination of 
resistance to which r2 / r2 [ r21 and ]/r22 turn into K21 and K22 of said formula (4), respectively. 
[0033] Although what is necessary is to just be referred to as r1=r2, r11=r22, and r12=r21 in this example since 
the main sensibility and transverse sensitivity have gathered between two acceleration sensors, since it is 
changeable independently, even if the main sensibility and transverse sensitivity of these do not correspond 
between two acceleration sensors, they can respond. 

[0034] Moreover, since -K21 and V1-K22, and V2 (= -alphay) are obtained by the operation of the reversal 
amplifier 6 of the preceding paragraph in the circuit of the lower berth, if it can be coped with in a consecutive 
circuit, the latter reversal amplifier 7 is omissible. 

[0035] Although considered as the configuration of both the power-sources amplifier that grounds + input 
terminal of reversal amplifier in this example, there is instead of [ no ] in effectiveness also as piece power- 
source amplifier by making + input terminal into middle potential. 

[0036] 2) The addition-and-subtraction amplifier 8 and 9 which the explanatory view 4 of an arithmetic circuit 
using addition-and-subtraction amplifier (amplifier) is an explanatory view of the arithmetic circuit which used 
addition-and-subtraction amplifier, and consisted of two operational amplifiers (operational amplifier) in drawing 
4 is formed. 

[0037] The resistance r1 by which the resistance r12 and the feedback resister r1 by which the addition-and- 
subtraction amplifier 8 was connected to output voltage V2 at the minus input terminal were grounded with the 
resistance r1 1 connected to output voltage V1 by connecting at the plus input terminal is connected. 
[0038] The resistance (juxtaposition combined resistance of resistance r21 and r22) by which it connected and 
the resistance r21 to which the addition-and-subtraction amplifier 9 was connected to output voltage V1 at the 
plus input terminal, the resistance r22 connected to output voltage V2, and the grounded resistance r2 were 
grounded by the minus input terminal with the feedback resister r2 is connected. 

[0039] Next, actuation of the circuit of drawing 4 is explained. The addition-and-subtraction amplifier 8 of an 
upper case performs the addition and subtraction with weight of output voltage V1 and output voltage V2. In 
this case, acceleration alpha x (=(r1/r11) -V1- (r1/r12), V2) is obtained by what is considered as the 
combination of resistance to which r1 / r1 [ r11 and ]/r12 turn into K11 and K12 of said formula (3), 
respectively. 

[0040] The addition-and-subtraction amplifier 9 of the lower berth performs addition with weight with output 
voltage V1 and output voltage V2. In this case, acceleration alphay (=(r2/r21) -V1+ (r2/r22), V2) is obtained by 
what is considered as the combination of resistance to which r2 / r2 [ r21 and ]/r22 turn into K21 and K22 of 
said formula (4). respectively. 

[0041] Thus, in this example, an operational amplifier can be managed with two and a circuit is simplified 
compared with the circuit which uses said reversal amplifier. In addition, it does not call at the analog circuit 
which showed the above-mentioned operation to drawing 3 and drawing 4 . but the same effectiveness can be 
acquired even if it processes by the digital system by the digital arithmetic circuit using A/D conversion. 
[0042] 

[Effect of the Invention] As explained above, according to this invention, there is the following effectiveness. 
** : the detection precision of acceleration can be raised by amending the error by the transverse sensitivity of 
two or more acceleration sensors by the operation from the output of each of said acceleration sensor. 
[0043] ** : the arithmetic circuit which calculates the output of two or more acceleration sensors can be 
prepared, and the detection precision of acceleration can be raised by amending the error by transverse 
sensitivity by the operation from the output of each of said acceleration sensor in said arithmetic circuit. 
[0044] ** : the acceleration of two or more shaft orientations can be calculated by calculating {alpha} =[K]-1{V} 
in an arithmetic circuit, using as [K] the sensibility matrix which gives the output vector {V} over an 
acceleration vector {alpha}. 

[0045] ** : the design of an arithmetic circuit can be simplified because the main sensibility and transverse 
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sensitivity make it almost equal among two or more acceleration sensors. 

** : selection of a circuit ingredient becomes easy by it being made to calculate each shaft only with an 
inversed amplifier in an arithmetic circuit. 

[0046] ** : in an arithmetic circuit there is little amplifier, it ends with it being made to calculate each shaft 
only with one addition-and-subtraction amplifier, and a circuit is simplified. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the principle explanatory view of this invention. 

fD rawing 2] It is the explanatory view of the acceleration detection in an example. 

[Drawing 3] It is the explanatory view of an arithmetic circuit using the reversal amplifier in an example. 
[Dra wing 4] It is the explanatory view of an arithmetic circuit using the addition-and— subtraction amplifier in an 
example. 

[Description of Notations] 

1 Acceleration Sensor 

2 Acceleration Sensor 

3 Arithmetic Circuit 
k1 Main sensibility 

k2 Transverse sensitivity 
V1 The output of an acceleration sensor 1 
V2 The output of an acceleration sensor 2 
alpha x x components of acceleration 
alphay y component of acceleration 



[Translation done.] 
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